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Effects of gap sizes and within-gap positions on the photosynthetic capacity of
Pinus koraiensis in Quercus mongolica forests in Xiaoxing’an Mountains

LI Jiaxin', MU Changcheng'* | TIAN Boyu', YE Lin’

(1.Center for Ecological Research, College of Forestry, Northeast Forestry University, Harbin 150040, China;
2. Yichun City Academy of Forestry Sciences, Yichun 153000, China)

Abstract: [ Objective] The objective of this study was to determine the suitable forest gap area and position in the gaps
for the growth of Pinus koraiensis saplings in secondary forests and provide a scientific basis for the restoration of
temperate zonal climate vegetation and broad-leaved P. koraiensis forests. Simultaneously, the findings could provide a
theoretical support for optimizing management practices. [ Method ] P. koraiensis saplings (15 a) from Xiaoxing’an
Mountains were used as the test material. Photosynthetic parameters ( maximum net photosynthesis rate, light saturation
point, light compensation point, and transpiration rate), chlorophyll content, and micro-environmental factors ( light
transmittance, temperature) of P. koraiensis saplings grown in three locations ( central area, transition area, and edge

area) in four gaps[ large gap (206.1 m®), medium gap (116.9 m*), small gap (52.4 m’), understory ( control,
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12.6 m*) ] in secondary Quercus mongolica forests were measured using a CIRAS-2 photosynthesis instrument. A Nikon
CoolPix 4500 digital camera with a 180° fisheye lens was used to collect photographs of the gaps and obtain the light
transmittance at various plots. By comparing the differences in the photosynthetic capacity of P. koraiensis saplings in
different gap sizes and within-gap positions, we explored the effects of gap sizes and within-gap positions on the
photosynthetic capacity of P. koraiensis saplings. [ Result] (1) The photosynthetic capacity of the P. koraiensis saplings
was significantly higher in medium and small gaps. Specifically, the medium and small gaps increased the maximum net
photosynthetic rate by 20. 0%-60.7% compared with that in understory, and the rate within the medium gap was higher
than that of the small gap by 9.2%—-15.1%. However, the large gap had no significant effect on the photosynthetic rate.
(2) The maximum net photosynthetic rate of P. koraiensis saplings in various gaps decreased along the micro-habitat
gradient of the center, transition and edge areas of the gaps (92.7%-22.5%). (3) In the medium and small gaps, the
light saturation point of P. koraiensis saplings was higher than that for the forest understory, and the light compensation
point was lower than that in the forest understory. However, the transpiration rate, stomatal conductance, and
intercellular CO, concentration in the medium gap were higher than those in the forest understory, and the chlorophyll
content was lower than that in the forest understory. The micro-habitat gradient from the central area to the edge area of
the gaps reduced the light saturation point of the P. koraiensis saplings, and increased the light compensation point, and
decreased the transpiration rate and stomatal conductance, and increased the chlorophyll content. [ Conclusion] P.
koraiensis saplings in the secondary Q. mongolica forest had a strong photosynthetic capacity in the central area of the

medium gaps (116.9 m”). Therefore, to restore P. koraiensis forests rapidly, suitable gaps should be created, and full

o 46 &

use of the central position in the gaps should be made.
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Table 1 Basic characteristics of various gaps of the Quercus mongolica forests in Xiaoxing’an Mountains
treatment m Wllhl.n “&ap hg'h ! ar Pinus koraiensis Pinus koraiensis  cutting mean height shrub
gap area position  transmittance temperature ——HRH mean height  intensity  of gap-maker  coverage
CA 64.6 Aa 22.6 Aa 3.1 Ca 2.5 Ca
LG 206.1+13.4 TA 41.0 Ab 21.5 Aa 2.1 Cb 2.1 Cb 100 12.2 73.6
EA 18.6 Ac 20.5 Aa 1.5 Ce 1.9 Ce
CA 55.9 Ba 24.1 Aa 6.2 Aa 3.2 Aa
MG 116.9+7.7 TA 37.1 Bb 23.4 Aa 4.2 Ab 2.9 Ab 40 11.9 25.2
EA 16.3 Ac 22.7 Aa 2.1 Ac 2.2 Ac
CA 33.6 Ca 23.2 Aa 4.3 Ba 2.7 Ba
SG 52.4+2.0 TA 33.7 Ba 22.5 Aa 2.8 Bb 2.5 Bb 20 12.4 16.9
EA 11.4 Ab 21.9 Aa 1.8 Be 2.0 Be
CA 13.0 Da 22.5 Aa 2.9 Ca 2.3 Ca
U 12.6x1.3 TA 12.8 Ca 21.2 Aa 1.9 Cb 1.9 Cb 0 12.1 15.3
EA 11.7 Aa 20.5 Aa 1.4 Ce 1.8 Ch

7 LG KRB large gap ; MG. KB medium gap ; SG./NRBR small gap ; U.AKPY (%] B8 ) understory (CK) ; CA.H.03[X. central area; TA. g ¥ [X.
transition area; EA.JIZX[X edge area, ANA|RE FEERRFIASMRBAL B FEA R I/ ARER ] 25 57 53, AR/ ING SRR [R]— MR A [R] 457
[A] 2253 8% (P <0.05), T[A], Different capital letters indicated significant differences among different gap sizes at the same position of gaps, diffe-
rent lower letters indicated significant differences among different positions in the same gap (P <0.05). The same below.
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Fig.1 A schematic diagram of the division of positions
in various gaps of the Quercus mongolica

forests in Xiaoxing’an Mountains
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